INTRODUCTION UMES-AIR (Undergraduate Multidisciplinary Earth
Science-Airborne Imaging Research) project was partially funded by NASA Goddard Space Flight Center (GSFC) in the fall of 1999. The project initiated remote sensing efforts involving undergraduate STEM (Science, Technology, Engineering, and Mathematics) majors using helium filled tethered blimp on UMES campus. The students designed a payload for the blimp consisting of cameras, transmitters, filters, and power systems for UMESAIR project has paved the way for projects such as AIRSPACES (Aerial Imaging and Remote Sensing for Precision Agriculture and Environmental Stewardship) which has been partially funded by Maryland Space Grant Consortium and ECPA (Environmentally Conscious Precision Agriculture) [5] supported through United States Department of Agriculture (USDA) Evans Allen grant, to explore applications of geospatial information technology and remote sensing for environmentally friendly agricultural practices. Through the Airborne Science and Technology Institute (ASTI) project, NASA engineers, and technicians from Instrumentation Science Branch at Wallops Flight Facility (WFF) of Goddard Space Flight Center (GSFC) provides training to UMES STEM undergraduates to assist them to learn to fly remote controlled UAV platforms. As part of the project the remote controlled platforms are also equipped with small digital cameras as well as analog micro-video cameras to acquire remote images in the visible, near infra-red, and far infrared bands, of the UMES agricultural fields, thereby supporting and complementing efforts of ECPA and AIRSPACES project. Graduate students working in the AIRSPACES and ECPA projects are also involved in the ASTI project and contribute to the image acquisition and analysis efforts [6] .
UMES is an 1890 land grant institution. Figure 1 shows the agricultural fields within the UMES campus. The Bozman field (light green) has been identified for the initial efforts. Gradually precision crop management (PCM) practices [7] [8] [9] will be utilized for all UMES agricultural fields. Outreach efforts will be conducted in collaboration with UMES/UMCP Cooperative Extension to provide services to local farmers as they adopt this technology intensive and environmentally friendly farming practice. This paper will highlight aspects of geospatial information technology, grid soil sampling, yield monitoring, remote sensing, field scouting and groundtruthing. In future variable rate application of seed, fertilizer, herbicide etc. will also be performed. Research efforts are also underway to utilize UAV helicopters as well as mobile ground robots to advance project goals.
GEOSPATIAL INFORMATION TECHNOLOGY
Geospatial Information Technology (GIT) is the integrated use of GPS (Global Position System) and GIS (Geographical Information System) software to produce maps of spatially distributed data. GIT tools now have widespread use in defense, policing, firefighting, natural resource management, social studies, field biology, census reporting, agriculture, engineering, business etc.
In Equation 1 attribute data L is located in space and time using the x,y,z (spatial) and t (temporal) coordinates.
Originally designated the NAVSTAR (Navigation Signal Timing and Ranging) Global Positioning System, GPS, was originally developed by United States Department of Defense to provide all weather, round the clock navigation capability in land, air, and sea. Besides navigation, GPS, a constellation of 24 satellites, now has a variety of civilian applications and helps provide spatial and temporal information for all geo-located attribute data. GIS maps of the attribute data facilitates visualization and analysis leading to appropriate decision making. At UMES ARCGIS9.0, SMS Advanced, and Matlab mapping toolbox are utilized to develop GIS maps.
GRID MAPPING and SOIL TESTING
Traditional farming practices involve uniform application of fertilizers, seeds and pesticides across the field, without due regard to variations in soil type, weed population, and nutrient status. This results in over and under application of valuable chemicals in certain areas resulting in sub-optimal yield and profitability. Moreover, excessive application of chemicals and nutrients in parts of the fields get dissolved in the rainwater and may affect the health of the watershed (Watkins et al, 1998).
At UMES at the onset of the ECPA project grid mapping and soil testing was performed on the Bozman field. The 50 acre field was divided into 0.5 acre grids (approx.) and about 10 soil samples were collected from each grid while recording the GPS locations corresponding to each sample. The soil samples were analyzed to determine pH, Cation Exchange Capacity (CEC), N, P, K and other micronutrients. After appropriate post-processing spatial distribution maps were developed using GIS software for each nutrient. Wide variations of pH and nutrient levels show up in these maps. While variable rate application can be performed for each of these nutrients, initial efforts at UMES will involve variable rate application of lime to bring the pH level of the entire Bozman field close to 6.0 which has been determined to be optimum for corn yield. A variable rate lime application map ( Figure 2 ) has been generated for the Bozman field to level the pH using the soil testing data. This map will be utilized with a variable rate lime applicator in the fall of 2006 for the Bozman field. The red regions need a lot of lime to come up to pH level of 6.0 whereas the need for lime in green regions is small. It is clear from this map that uniform application of lime as is traditionally done will not be cost-effective and will result in over or under application depending on where the soil sampling is done.
YIELD MONITOR INSTALLATION and CALIBRATION
A yield monitor is a system of sensors installed within a combine that measure the grain weight, grain flow rate, travel speed and harvest area. The combine is a mechanical harvester that both harvests and shells or shucks plants. The yield monitor system also tracks and stores the spatial locations calculated by the GPS receiver with corresponding yield values [10] .The data generated by the combine, GPS receiver, and yield monitor are then brought into a Geographic Information System (GIS) to produce a yield map. A yield monitor with a GPS unit has been installed on the existing UMES combine ( Figures 3 & 4) for recording spatial distribution of the yield data.
Figure 3: UMES Combine Retrofitted with Yield Monitor
The sensors used by the PF-Advantage yield monitor installed in the UMES combine measure the following: grain elevator shaft speed, head-height, differential GPS signal, grain moisture, and grain impact. Each sensor is critical in yield estimation, and must be calibrated separately. The grain elevator shaft speed sensor allows the monitor to calculate the speed at which the grain is thrown against the impact sensor. This sensor is calibrated as part of the installation of the yield monitor and only needs recalibration if there are major changes in the grain elevator drive system.
The head height sensor is essentially a potentiometer that is mechanically attached to the harvesting head. It is used to indicate to the yield monitor when the head of the harvester is raised or lowered. This information can then be used to turn on and off the data logging and the associated harvested area calculations. The head height monitor is calibrated for the correct operating height every time the head is changed.
The Differential GPS receiver works by triangulating the signal transmitted from orbiting satellites. It also has the ability to receive and incorporate real time correction information sent to it from the coast guard GPS correction system. This correction signal increases the resolution to sub meter accuracy. The GPS receiver does not require any further calibration or adjustment.
The grain moisture sensor bleeds a small amount of the grain off the grain elevator. Capacitive plates that determine the moisture content based on the grain type check this grain. This is calibrated for each grain harvest by measuring the moisture of several loads of harvested grain with a known sensor. The calibration offsets can then be entered into the monitor. The yield monitor automatically corrects all the previous and subsequent data for that particular grain. The moisture sensor also requires regular cleaning to prevent trapped kernels from rotting in the sensor.
The impact sensor sits at the top of the grain elevator. As the grains are thrown from the elevator they hit the impact sensor. The sensor records the impacting force. Thus over an amount of time the weight of grain can be extrapolated. The impact sensor must be calibrated using several loads with the combine operating at different speeds for appropriate interpolation of data at different grain flow rates. Each load is weighed at the mill and that weight is entered into the monitor. The monitor then corrects all the previous data and automatically corrects all the subsequent data. Impact sensor has to be calibrated to account for the vibration on it as well. The vibration calibration must be done for each harvesting head only once, unless changes or alterations are made to the head or drive systems. To perform this calibration the combine is parked and the harvesting drive system is engaged and brought up to an operational speed. Once at speed, the calibrate button on the yield monitor is pressed and the monitor calibrates the system.
With all the calibrations completed the system is able to achieve an error of around two percent per load. The UMES combine holds four hundred to four hundred fifty bushels. A two percent error amounts to eight or nine bushels per load. The appropriately calibrated yield monitor, therefore, not only provides a spatial distribution of yield across the field but a quantitative measure of the total yield with a accurate reading of the moisture content to estimate the market value of the crop.
At every two seconds as the combine harvests the corn the grain sensor data is integrated to provide the yield data corresponding to the harvested area. The GPS unit on the combine helps to geo-locate the yield data. Figure  5 shows the GIS map of the yield data overlaid on an ortho-rectified aerial image of the appropriate region of the UMES campus. As expected the geo-located yield data fits exactly over the image of the ortho-rectified and geo-referenced image of the Bozman field for clear visualization of the yield data variation. The mean yield for the Bozman field in 2005 fall was approximately 112 bu/acre with a standard deviation of 35 bu/acre. For the yield map in Figure 5 the green regions correspond to high yield and red regions correspond to low yield. A strong correlation of yield and lime rate application desired is readily observable by comparing Figure 2 and Figure 5 . The yield has been poor in regions that need a high lime rate application to reach 6.0 pH level.
REMOTE SENSING
Remote sensing generally involves aerial or satellite imaging that provides instant maps of field characteristics. Aerial photographs can show variations in field color that correspond to changes in soil type, crop development, field boundaries, roads, water etc. Remote sensing may be classified as passive or active. In passive remote sensing sensors detect the reflected or emitted electromagnetic radiation from natural sources such as sun. In active remote sensing sensors detect reflected responses from objects that are irradiated from artificially generated energy sources such as radar, lidar etc. Remote sensing holds great promise for precision farming because of its potential for monitoring spatial data over time at high resolution.
Remote Sensing efforts for the ECPA project are conducted in concert with the ASTI and AIRSPACES project at UMES. In the ASTI project interested UMES students are trained by NASA personnel to fly remote controlled fixed wing airplanes. As an extension of the project the r/c airplanes are attached with digital cameras and flown over UMES agricultural fields to collect images of the fields. These image frames are rectified and georeferenced using an ortho-base image and ARCGIS 9.0 software environment. Figure 6 shows one captured frame from one of the r/c airplane rectified, georeferenced and overlaid on an ortho-base image of a portion of the UMES farm. Although, the extant of the image frame captured from r/c airplane depends on the height of the plane and the lens of the digital camera, but, in general, several frames have to be mosaicked together to obtain the full field view. Figure 7 shows a mosaic view of the Bozman field at UMES generated by digitally stitching frames captured from an r/c airplane prior to corn harvest in the fall of 2005. Due to distortions introduced in the image frames due to roll and pitch of the aerial platform, frame selection process becomes arduous. A graduate student examined 250 frames from image video-data captured from a flight over the Bozman field to select 17 frames which were digitally stitched to produce the mosaic view in Figure 7 .
While qualitative information discerned from the mosaic view correlates well with the yield data shown in Figure 5 a statistically significant correlation study will require higher resolution in the images so that it may be compared with spatially interpolated yield data [11] .
Aerial imaging efforts of ASTI project will be complimented by efforts that are being integrated with the AIRSPACES project. While the ASTI project provides an excellent experiential learning and educational platform, the low resolution of the captured images and the inability of fixed wing airplanes to hover while capturing images introduce practical difficulties. A two pronged approach is being taken to address these issues:
(i) Using a UAV (robotic) helicopter attached with a high resolution IP Camera (ii)
A manned airplane (CESSNA 172) retrofitted with a high resolution color infrared (CIR) digital camera.
(i) A robotic helicopter equipped with a high resolution monochrome IP camera sensitive to visible and infrared frequencies has been acquired. This UAV helicopter can be programmed to move to appropriate way-points using GPS locations and capture images of the agricultural fields while hovering at these way-points. Camera lens and field of view information at different heights is being incorporated in the path planning efforts so as to capture the whole field appropriately by mosaicking these image frames. An operator utilizes the base computer to manipulate the images captured during the flight of the helicopter and provides waypoints to guide the UAV helicopter to appropriate locations to capture aerial images. The UAV helicopter runs on electric power provided by a battery system. Appropriate programming is being done to monitor the battery power level so as to safely land the UAV before it runs out of battery power.
(ii) NDVI (Normalized Difference Vegetation Index) [12] is utilized to determine health of vegetation from multispectral aerial images. Terrahawk Aerial imaging device acquired for the project provides a gimballed CIR camera that can be retrofitted on the belly of an airplane. It automatically adjusts for roll, pitch and yaw distortions. The camera system uses a user defined shapefile and a GPS unit to automatically acquire images at an appropriate interval of time without the intervention of the pilot. The GPS unit determines whether the airplane has entered the shapefile region to trigger image capturing. The images can be captured in the RGB or CIR mode. In the CIR mode the three bands captured are red, infrared and blue/green. NDVI information can be easily determined from the first two bands using Equation 2:
Terrahawk system uses Duncantech MS 3100 CIR camera [13] .
UMES Aviation Science program is involved in pilot training in collaboration with a local company: "Bayland Aviation". Bayland has allowed the project team to use one of their CESSNA 172 airplanes to retrofit the Terra Hawk System according to FAA regulations. UMES Aviation faculty cooperates with the project team to conduct data flights. Flight simulator software provided with the Terrahawk system allows path planning and finetuning of image capturing protocol. At present a single test flight has been conducted with the device. Although high quality images were returned, some fine-tuning of the image parameters, flight speed, GPS device and capture frequency has to be done for subsequent data flights.
Both the UAV helicopter and manned airplane will be used to capture images on a monthly basis over UMES agricultural fields to study crop health, estimate yields and other field and resource management efforts.
Field scouting efforts for ground truthing of aerial image data is being performed using hand-held GPS units, hand held chlorophyll meters, pH meters and other sensing and monitoring devices.
ENVIRONMENTAL STEWARDSHIP
The broad goals of the AIRSPACES and ECPA project are to provide an experiential learning and research platform at UMES that will generate, disseminate, and promote improved nutrient management for environmentally friendly agricultural practices through community engagement. UMES personnel will play a key role in providing support services to local farmers as they adopt this technologically intensive farming practice, and in particular, their future needs for remote sensing and aerial imaging. At UMES appropriate run-off monitoring efforts are already underway to generate data to identify suitable nutrient management plan in concert with implementation of precision agriculture. Figure 9 shows UMES students monitoring the nutrient status of the watershed adjacent to the Bozman farm using an YSI unit.
EcoLab [14] , a multi-channel in situ chemical analyzer has also been acquired and has been deployed in the watershed of Bozman farm to autonomously monitor nutrient concentrations. The data gets recorded on an on-board memory chip using a microprocessor unit in the Ecolab. The data can be accessed and plotted from remote terminals via wireless communication.
CONCLUSION and FUTURE PLANS
Immediate future plans of the project involve acquisition of an advanced variable rate applicator to perform experiments with varying nutrient levels, seed rates, herbicide applications etc. to optimize yield while managing nutrient run-offs effectively.
In the long run it may be possible to use small ground based mobile robots with imaging sensors for weed detection and removal, turf management, soil testing as well as small surface autonomous vessels with appropriate sensors to monitor environmental parameters in the watershed.
Experiential learning and research efforts being developed in conjunction with ECPA, ASTI and AIRSPACES project are consistent with future trends in science and engineering education. The projects provide out of classroom inquiry based learning platform that encourages teamwork for undergraduate students. Graduate students participating in the project from multidisciplinary fields address research issues integral with the project while participating in the rich experiential framework. The compartmentalized disciplines and turf lines within academia provides some administrative challenges which the project team members are making an effort to address.
The project team is also working to develop a plan to provide services to local farmers as they adopt some of these technologically intensive farming practices in collaboration with UMES/UMCP Cooperative Extension. 
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